Introduction {#S0001}
============

Numerous clinical and experimental data suggest that, irrespective of etiology, chronic low-grade inflammation may be responsible for the initiation and progression of heart failure (HF) \[[@CIT0001]--[@CIT0005]\]. Myocarditis refers to the immune response of the myocardium, and the diagnosis represents an enormous clinical challenge not only because of the diverse presentation but also due to limited sensitivity of endomyocardial biopsy. Histologic features of myocarditis in patients with HF are hampered by the focal nature of the disease and include immunological parameters of humoral and cellular autoreactivity \[[@CIT0006]\]. Unlike histological features of myocarditis, which tend to be focal, immunohistological signs of inflammation are distributed throughout the entire myocardium \[[@CIT0007]\]. Immunohistochemistry has a higher sensitivity compared to standard histopathology for the diagnosis of myocarditis, but the current literature regarding the relationship between the histology and cardiovascular magnetic resonance (CMR) imaging criteria is still scarce \[[@CIT0008]--[@CIT0012]\].

Non-invasive CMR was successfully introduced as a promising technique for the diagnosis of myocarditis \[[@CIT0013], [@CIT0014]\]. Recent studies have demonstrated that late gadolinium enhancement (LGE) specifically reflects irreversible myocardial injury (i.e. necrosis and fibrosis) \[[@CIT0015]--[@CIT0017]\]. However, the incidence of LGE in myocarditis is still controversial, and this method does not distinguish between acute and chronic inflammation \[[@CIT0013], [@CIT0017]--[@CIT0019]\]. De Cobelli *et al*. using the Dallas criteria found LGE to be less sensitive in "borderline" than "active" myocarditis \[[@CIT0020]\]. Lurz *et al*. demonstrated CMR in patients with suspected chronic myocarditis not sufficient to guide clinical management \[[@CIT0008]\].

The aim of this study was to assess the relationship between LGE and immunohistochemically detected markers of inflammation in patients with chronic heart failure and a reduced ejection fraction (HFrEF).

Material and methods {#S0002}
====================

We studied 38 consecutive patients with stable HFrEF and high probability of myocarditis (24 males). The suspicion of myocarditis was based on variable combination of the following criteria: history of systemic viral disease or flu-like symptoms within 12 weeks before admission, clinical manifestation of heart failure (dyspnea, shortness of breath, exercise intolerance) and evidence of myocardial injury as defined by electrocardiography abnormalities (ST-segment changes, conduction defects, arrhythmias) in conjunction with left ventricular dysfunction and no evidence of coronary artery disease or spasm during selective angiography and normal troponin T and creatine kinase muscle-brain (CK-MB) fraction levels during index hospitalization.

The New York Heart Association (NYHA) class was used to assess functional capacity. All of our patients were on optimal medical therapy for HFrEF including an angiotensin-converting-enzyme inhibitor (captopril 50-75 mg/d), β-adrenoreceptor antagonists (metoprolol succinate, 50 to 100 mg/d), spironolactone (50-100 mg/d), and furosemide (40-80 mg/d).

Transthoracic echocardiography with a 2.5 MHz transducer (M-mode, 2D and standard Doppler echocardiography) was performed using a GE VIVID9 system. Left ventricular systolic function and left ventricular ejection fraction (LVEF) were calculated and interpreted by an experienced operator.

Cardiovascular magnetic resonance was performed with a 1.5 T scanner (Avanto; Siemens, Erlangen, Germany) using a multi-channel body-array coil as a receiver. Cine MR images were obtained in LV long-axis views, and a stack of images in the short-axis plane covering both ventricles was acquired. Ten minutes after the injection of a contrast agent (gadobenate dimeglumine, 0.1 mmol/kg) LGE images were acquired in the same views as for cine images, using a segmented inversion recovery turbo fast-low angle shot sequence. Image analysis was performed by an experienced operator blinded to endomyocardial biopsy results.

Endomyocardial biopsy was performed using a Cordis bioptome under fluoroscopic guidance. A minimum of five samples were taken from the right side of the ventricular septum. For immunohistochemistry, specimens (at least 2 biopsies) were fixed for 20 min in acetone at room temperature, immersed in embedding medium (OCT Compound, Miles Inc), and stored in liquid nitrogen until tested. Frozen sections (5 mm thick) were incubated with murine monoclonal antihuman antibodies: anti-HLA-class II (DR antigens), α chain (clone TAL.1B5), anti-HLA-class I (ABC antigens), anti-CD3 for T lymphocytes (clone T3-4B5), and anti-macrophages (clone EBM11). The dilution of the primary antibody was verified in our laboratory in a series of pilot experiments. The En-Vision method (DAKO En-Vision Kit/Alkaline Phosphatase detection system) was used according to the manufacturer\'s instructions. The bound primary antibody was detected using New Fuchsin Substrate System (DAKO A/S). The primary antibody was omitted from negative control slides. As a positive control, liver biopsy specimens from patients with chronic active hepatitis were used. The semiquantitative scoring system was defined as follows: 0-1+, lack of or weak focal staining, 2+, moderate, multifocal staining, and 3+, severe multifocal staining. The cells positive for CD3 and CD68 were counted (NIKON Eclipse 80i microscope with DS-Fi1 digital camera and NIS Elements software from NIKON) and presented as the number of cells per mm^2^. The intra-observer variability of immunohistochemistry examination was \< 2%. For the diagnosis of myocardial inflammation we used previously published criteria \[[@CIT0015]\]. The presence of more than 14 infiltrating cells with damage to the adjacent myocytes and ≥ 2+ up-regulation of HLA class II was considered diagnostic for myocarditis. The immunohistochemistry was done by an experienced pathologist blinded to the clinical data.

The results of LGE cardiovascular magnetic resonance were compared with quantitative immunohistochemistry data.

The study protocol was approved by the local institutional Ethics Committee, and the patients gave their written informed consent.

Statistical analysis {#S20003}
--------------------

The normally distributed data were presented as mean with SD, but non-normally distributed data were described with the median and interquartile range. To assess the relationship between quantitative data, Spearman\'s rank-order coefficient rho was used. Kendall\'s tau rank-correlation coefficient test was used to assess the relationship between semi-quantitative data. Statistical analyses were performed using the SPSS software package, v. 16.0.

Results {#S0004}
=======

The selected demographic, echocardiographic and laboratory data are displayed in [Table I](#T0001){ref-type="table"}. The mean age within the population was 43.2 ± 6.9. For the overall group of patients, the average duration of symptoms was 2.6 years, and all the patients were in NYHA class II.

###### 

Baseline patient characteristics (values are expressed as mean ± standard deviation)

  Factors[\*](#TF0001){ref-type="table-fn"}                                                                 *n* = 38
  --------------------------------------------------------------------------------------------------------- --------------------
  Age (years)                                                                                               43.2 ± 6.9
  Sex (male/female)                                                                                         24/14
  Heart failure duration (years)                                                                            1.8 ± 1.2
  Left ventricular ejection fraction (%)                                                                    38.5 ± 13.9
  Left ventricular diastolic dimension (mm)                                                                 66.2 ± 11.4
  Left ventricular systolic dimension (mm)                                                                  59.7 ± 13.8
  Troponin T (ng/ml)                                                                                        0.011 ± 0.008
  CK-MB fraction (ng/ml)                                                                                    3.3 ± 0.05
  *N*-terminal prohormone of brain natriuretic peptide (NT-proBNP) (pg/ml), median (1^st^-3^rd^ quartile)   612 (373.2-1919.5)
  C-reactive protein (mg/l), median (1^st^-3^rd^ quartile)                                                  2.2 (1.1-4.9)

Values are expressed as mean ± SD or as indicated.

By immunohistochemistry, moderately increased HLA-class I molecules (2+) were present in biopsy specimens of 11 (28.9%) patients, but severe up-regulation (3+) was found in 14 (36.8%) patients. Similarly, moderate up-regulation of HLA-class II ([Fig. 1](#F0001){ref-type="fig"}) was found in 14 of 38 (36.8%) cases, but its severe expression was observed in 4 (10.5%) patients. Infiltrating CD68 (+) cells ([Fig. 2](#F0002){ref-type="fig"}) outnumbered CD3 (+) lymphocytes. The number of CD3 (+) lymphocytes \> 14 cells per mm^2^ was found in 2 of 38 (5.3%) patients. By contrast, the number of CD68 (+) cells \> 14 per mm^2^ was detected in 14 (36.8%) patients. A total of 12 (31.6%) patients met the criteria for myocarditis. Kendall\'s tau analysis showed that HLA-class I expression significantly correlated with HLA-class II (*r* = 0.7, *p* \< 0.001) and the number of CD68 (+) cells (*r* = 0.3, *p* = 0.005). There was no correlation between HLA-class II and CD68 and CD3 (+) cells as well as between CD68 (+) and CD3 (+) cells (Spearman\'s rho; *r* = 0.17, *p* = 0.16). Within the total population, subepicardial LGE was diagnosed in 23 of 38 (60.5%) patients, mostly in the interventricular septum. No correlation was found between LGE ([Fig. 3](#F0003){ref-type="fig"}) and immunohistochemical markers of inflammation (Kendall\'s tau; *r* = 0.21, *p* = 0.09).

![Immunohistochemical staining of HLA-DR antigens. Note the red staining pattern by hematoxylin (blue) at 400 × magnification](KITP-11-24077-g001){#F0001}

![Typical focal type of the CD3 lymphocyte infiltration (arrows)](KITP-11-24077-g002){#F0002}

![Magnetic resonance. Short-axis (A) and long-axis (B) demonstrate the presence of typical late gadolinium enhancement in the subepicardium of the left mid-ventricular lateral wall and the basal septum (arrows)](KITP-11-24077-g003){#F0003}

Discussion {#S0005}
==========

To the best of our knowledge, this is the first prospective study on LGE and immunohistochemistry in patients with HFrEF. The main findings of the present study can be summarized as follows. Firstly, we demonstrated in patients with stable HFrEF the histological criteria of myocarditis in about 30% of our cohort. Secondly, LGE imaging revealed myocardial fibrosis in more than half of them. Furthermore, there was no statistically significant association between immunohistochemical markers of inflammation and LGE.

Myocarditis is a cardiac disease associated with inflammation and injury to the myocardium, but the pathophysiological process is still poorly understood. Standardized immunohistological criteria are well defined in the diagnosis of acute myocarditis \[[@CIT0009], [@CIT0021], [@CIT0022]\]. On the other hand, there are no sensitive diagnostic criteria for the chronic phase of myocardial injury. Since chronic intramyocardial inflammation was previously found in patients with HF, it is likely that systolic heart failure is one of its clinical presentations \[[@CIT0004]\]. In our study group, the immunohistochemical criteria of myocarditis were established in 31.6% of the evaluated patients. However, Lurz *et al*. found a 48% prevalence of myocarditis in patients with chronic myocarditis \[[@CIT0008]\]. Mavrogeni *et al*. documented that endomyocardial biopsy using immunohistological criteria was positive in 48% of patients with a clinical suspicion of myocarditis and symptoms lasting over 14 days \[[@CIT0023]\].

The late enhancement is a consequence of pathological intracellular contrast uptake related to the sarcolemmal rupture that occurs in the presence of cardiomyocyte damage and has been shown to be superior to other modalities used for the detection of myocardial necrosis \[[@CIT0019]\]. Friedrich *et al*. provided recommendations on the use of LGE and novel approaches, such as time-resolved assessment of gadolinium wash-out, T1 mapping, T2 mapping, parametric imaging, and the combination of imaging criteria as part of the diagnostic process in patients with suspected myocarditis \[[@CIT0013]\]. The main limitation of LGE is the variable sensitivity to detect active or chronic myocarditis, depending on the patient characteristics \[[@CIT0015]--[@CIT0017], [@CIT0020]\]. Our study revealed that LGE was present in 60.5% of patients with HFrEF, which is slightly higher than in the previous study in patients with viral myocarditis \[[@CIT0024]\]. Furthermore, studies concerning the usefulness of CMR in myocarditis had a low number of patients, and the enrollment started at variable time points after the clinical onset of the disease. Additionally, the authors adopted different criteria of myocarditis. Contrary to previous reports related to patients with acute myocarditis, we did not reveal a significant relationship between the presence of LGE and immunohistochemical markers of inflammation \[[@CIT0008], [@CIT0012]\]. The most likely explanation of our results is that we studied a population with long-lasting clinical manifestations of HF, and LGE was related to the fibrotic areas which develop as a consequence of myocarditis.

The study is limited due to the small number of enrolled patients. However, we are of the opinion that our study reflects a real-world clinical setting. A notable strength is the direct comparison between LGE and immunohistochemistry. However, biopsy specimens were obtained from the subendocardial layer and may not represent the areas involving subepicardial and mesocardial layers typical of fibrosis in the course of myocarditis.

Conclusions {#S0006}
===========

The lack of a relationship between LGE imaging and immunohistochemical markers of inflammation in patients with stable HFrEF indicates that LGE might reflect post-injury necrosis rather than an acute inflammatory process. Further studies are needed to define the capacity of CMR in patients with HFrEF.
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